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ABSTRACT 

This  is  the  second  phase  report  on  sea-mater 

CORROSION  OF  MATERIALS  FOR  USE  IN  MECHANICAL  SEALS 
FOR  SUBMARINE  SHAFTING  AND  CONCERNS  GALVANIC 
CORROSION  EFFECTS  RESULTING  FROM  COMBINATIONS  OF 
METALS  AND  CARBON.  SlX  ALLOYS  WERE  SELECTED  FOR 
TEST:  A  TIN  BRONZE ,  A  NICKEL-ALUMINUM  BRONZE,  A 
HIGH-COPPER  ALLOY,  TWO  NICKEL-COPPER  ALLOYS,  AND 
A  NICKEL-BASE  ALLOY.  GALVANIC  CORROSION  WAS  DE¬ 
TERMINED  FOR  EACH  ALLOY,  COUPLED  TO  EACH  OF  THREE 
GRADES  OF  CARBON.  RESULTS  SHOW  SUBSTANTIAL  OAL- 
VANIC  CORROSION  OF  FIVE  ALLOYS*!  The  EXCEPTION  WAS 
THE  NICKEL-BASE  ALLOY,  WHICH  EXHIBITED  ESSENTIALLY 
NO  ATTACK  IN  EITHER  COUPLED  OR  UNCOUPLED  TESTS. 
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CORROSION  OF  MECHANICAL 
SEAL  MATERIALS  INDUCED  BY 
COUPLING  TO  CARBON 


1.0  INTRODUCTION 

The  U.  $.  Navy  Marine  Engineering  Laboratory  -to  engagep  -Ln! an.~e x» 

TENSIVE  INVESTIGATION  OF  MECHANICAL  SEALS  FOR  DEEP-SUBMERGENCE  SUB¬ 
MARINES.  One  SEGMENT  OF  THE  INVESTIGATION  IS  CONCERNED  WITH  THE  SPECIAL 
CORROSION  PROBLEMS  WHICH  CAN  OCCUR  IN  MECHANICAL  SEALS.  THESE  PROBLEMS 
ARISE  FROM  THE  NEED  FOR  A  VARIETY  OF  MATERIALS  TO  PERFORM  SPECIFIC 
FUNCTIONS.  IN  A  SEA-WATER  ENVIRONMENT,  THE  COMBINATION  OF  MATERIALS  CAN 
LEAD  TO  ACCELERATED  CORROSION  OF  SOME  COMPONENTS  BY  GALVANIC  COUPLING  TO 
OTHER  COMPONENTS  MADE  OF  MORE  NOBLE  MATERIALS. 

At  THE  OUTSET  OF  THE  INVESTIGATION,  EIGHT  ALLOYS,  SIX  GRADES  OF 
CARBON,  AND  SEVERAL  TYPES  OF  HARD-SURFACING  MATERIALS  WERE  SELECTED  FOR 
STUDY.  The  CORROSION  behavior  of  the  eight  alloys  in  galvanic  and 
CREVICE-CORROSION  TESTS  HAVE  BEEN  REPORTED,  REFERENCE  (a).  THIS  REPORT 
CONCERNS  THE  GALVANIC  EFFECTS  OF  COUPLING  SIX  OF  THE  METALS  INDIVIDUALLY 
TO  THREE  GRADES  OF  CARBON.  CORROSION  TESTS  INVOLVING  THE  HARD-SURFACING 
- MftTCtttfcfcB  w*»r  tun  arrti  mnr  tun  Min  rf  BFPf>ptrr>  at  a  LATER  DATE. _ 

2.0  MATERIALS 

> 

The  NOMINAL  COMPOSITIONS  OF  THE  SIX  ALLOYS  WHICH  WERE  COUPLED  TO 
EACH  OF  THREE. GRADES  OF  CARBON  ARE  PRESENTED  IN  TABLE  1. 
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3-0  METHOD  OF  TEST 

The  method  of  conducting  the  galvanic  corrosion  tests  was  de¬ 
scribed  IN  DETAIL  IN  REFERENCE  (a).  THE  GALVANIC  CELLS,  SHOWN 
SCHEMATICALLY  IN  FIGURE  1,  WERE  MADE  OF  HARD  RUBBER  PROTECTED  BY  A  BRASS 
CASING.  TWO  SPECIMENS  (ONE  METAL  AND  ONE  CARBON)  WERE  SECURED  IN  EACH 
— C-E-LL  AS  SHOWN.  S  E  AWAT  ER.FLOWEpjiE  TWE  E  N  THE  SPECIMENS  WHICH  WERE 
“ELE CTrTC: AXIY~Tn5NWrCT ED  THROUGH “ A  LOW  -Re^TSTANC^E"  GXTERWM.  SHUNT  .  IheZI 
VELOCITY  OF  THE  SEAWATER  WAS  MAINTAINED  AT  13  FT  PER  SEC  DURING  THE 
62  DAYS  OF  TEST.  *  THE  METAL  AND  CARBON  SPECIMENS  HAD  EXPOSED  AREAS  OF 
2.625  SQUARE  INCHES  EACH. 

4.0  RESULTS  OF  TEST 

Weight  losses  and  corrosion  rates  of  the  six  alloys  coupled  and 

NOT  COUPLED  TO  THREE  GRADES  OF  CARBON,  ARE  PRESENTED  IN  TABLE  2. 

Corrosion  rates  are  reported  as  milligrams  per  square  inch  per  day  (MDD) 

AND  INCHES  PENETRATION  PER  YEAR  ( l PY ) .  THE  GALVANIC  EFFECT  REPORTED  IN 

Column  5  is  the  difference  between  the  corrosion  rate-of.the  control 
(not  coupled)  and  the  coupled  specimens.  The  magnitude  of  the  galvanic 

EFFECT  IS  ILLUSTRATED  IN  FIGURE  2,  A  BAR  GRAPH  OF  CORROSION  RATES. 

— 4-J - Cathodic  Att  i on . — The  bar  graph  and  Table  2  indicate  that  the 

THREE  GRADES  OF  CARBON  ACTED  AS  STRONG  CATHODES  TO  ALL  MATERIALS  EXCEPT 

Hastelloy  C.  The  corrosion  rate  of  this  alloy  was  the  same  whether 

COUPLED  OR  NOT  COUPLED  TO  THE  CARBONS.  CORROSION  RATES  OF  THE  OTHER 
ALLOYS  WERE  INCREASED  SEVERAL-FOLD  BY  GALVANIC  ACTION.  RATIOS  OF  THE 
CORROSION  RATES  OF  COUPLED  SPECIMENS  TO  RATES  OF  NONCOUPLED  SPECIMENS 
ARE  SHOWN  IN  COLUMN  6.  THESE  RATIOS  SHOW  THAT  THE  CATHODIC  CHARACTER¬ 
ISTICS  OF  EACH  OF  THE  THREE  GRADES  OF  CARBON  WERE  ABOUT  THE  SAME  WHEN 
COUPLED  TO  NICKEL-ALUMINUM  BRONZE,  CUPALLOY,  S  MONEL,  AND  HASTELLOY  C. 

(The  low  ratio  for  the  S  Monel:  Carbon  72J  couple  is  attributed  to  loss 

OF  CONTACT  BETWEEN  THE  SPECIMENS  WHEN  THE  CARBON  SAMPLE  BROKE  SOMETIME 
DURING  THE  TEST.)  WHEN  COUPLED  TO  G  BRONZE  AND  TO  !1H  MONEL,  THE  CATHODIC 
BEHAVIOR  OF  THE  CARBONS  WAS  SOMEWHAT  I RREGULAR,  W I TH  AT  LEAST  ONE  GRADE 
OF  CARBON  PERFORMING  AS  A  COMPARATIVELY  WEAK  CATHODE. 

4.2  No  Carbon  Deterioration.  Specimens  of  the  three  grades  of  carbon, 

AFTER  CLEANING  AND  DRYING,  SHOWED  A  SLIGHT  INCREASE  IN  WEIGHT  (0.012  TO 
0.100  GRAMS)  WHETHER  OR  NOT  THEY  HAD  BEEN  COUPLED  TO  METAL  SPECIMENS 
DURING  THE  TEST.  THERE  WAS  NO  VISIBLE  EVIDENCE  OF  DETERIORATION  OF  THE 
CARBON  SPECIMENS. 


*  Abbreviations  used  in  this  text  are  from  the  GPO  Style  Manual,  1959/ 

UNLESS  OTHERWISE  NOTED. 
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Table  2 

Galvanic  Corrosion  of  Metals  Coupled  to  Carbons  in 
Sea  Water  Flowing  at  13  Feet  per  Second  for  62  Days 


Column  1 

.  2 

3 

4 

_ 5 _ 

- 5 - 

Coupled  Materials  (f) 

Metal 

Weight 

Loss 

Grams 

Meta 

Corros-i 

RATE 

L 

n 

Ratio 

-OH - 

MBM 

-Coupled — 
to  Non-  • 

COUPLED 

Corrosion 

Elect  rode  A 
Metal 

Electrode  B 
Carbon 

MDD 

IPY 

G  Bronze 

(2) 

0.868 

82.8 

0.013 

0 

1.0 

G  Bronze 

Grade 

6l  A 

5.439 

519.0 

O.085 

0.072 

6.5 

G  Bronze 

Grade 

14G 

4.928 

470.0 

Op  077 

0.064 

5-9 

G  Bronze 

Grade 

72J 

1.527 

146.0 

0.024 

0.011 

1.9 

Ni -Al  Bronze ( 

(2) 

0.1 71 

16.3 

0.003 

0 

1.0 

Ni-Al  Bronze 

Grade 

61 A 

1.509 

i44.o 

0.027 

0.024 

9.0 

Ni-Al  Bronze 

Grade 

i4g 

1.530 

i46.o 

0.027 

0.024 

,9*0 

Ni-Al  Bronze 

Grade 

72J 

1.649 

157-0 

0.029 

0.026 

9.6 

Cupalloy 

(2) 

m 

1.036 

98.9 

0.016 

0 

1.0 

CuPALLOY 

Grade 

61 A 

5.729 

547.0 

0.088 

0.072 

5-5 

6i;p  ALLOY — - 

44a 

s6i  .0 

0.074 

5.6 

Cupalloy 

Grade 

72J 

g.916 

666.0 

0.106 

0.090 

- 

H.  Monel 

(2) 

■B 

0.098 

9.4 

0.002 

0 

1.0 

H.  Monel 

Grade 

61 A 

0.713 

68.0 

0.012 

0.010 

6.0 

H  Monel 

Grade 

i4g 

0.103 

9.8 

0.002 

0.000 

1.0 

H  Monel 

Grade 

72J 

1.3^9 

131.0 

0.022 

0.020 

11,0 

S  Monel 

(2) 

O.IO3 

9.8 

0.002 

0 

1.0 

S  Monel 

GkAOE 

6l  A 

1.214 

116.0 

0.020 

0.018 

S  Monel 

Grade 

i4g 

2.349 

224.0 

O.O38 

0.036 

S  Monel 

Grade 

72J 

0.976 

93-1  • 

0.016 

o.oi4 

Hastelloy  C 

(2) 

- 

0.005 

0.48 

0.0001 

0 

1.0 

Hastelloy  C 

Grade 

61 A 

-0.48 

0.0001 

0 

1.0 

Hastelloy  C 

Grade 

i4g 

0.005 

0.48 

0.0001 

0 

1.0 

Hastelloy  C 

Grade 

72J 

0.005 

0.48 

0.0001 

0 

1.0 

(l)  Coupled  through  0.01-ohm  Resistor; 
Specimen  area  2 . 625  so  in 

(2)  Control  -  not  coupled 
3)  Galvanic  effect  -  corrosion  due  solely  to 

GALVANIC  ACTION 
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Figure  1  -JTest  Cell 


0.02  0.04  0.06  0.08  0.10 

CORROSION  RATE  OF  METAL ,  in.  ptMtrotion  per  year  ( |PY ) 

Figure  2  -  Galvanic  Corrosion  of  Metals  Coupled  to  Carbons 
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5-0  DISCUSSION 

The  quality  of  the  electrical  coupling  of  the  samples  is  an  impor¬ 
tant  FACTOR  IN  GALVANIC  CORROSION  TESTS.  MINOR  DIFFERENCES  IN  THE  RE¬ 
SISTANCE  OF  THE  CIRCUIT  WILL  MARKEDLY  AFFECT  THE  CURRENT  FLOW  AND  THE 
CORROSION  RATE.  In  THE  RESULTS  PRESENTED,  THE  AMOUNT  OF  SCATTER  PRECLUDED 
DIFFERENTIATING  AMONG  THE  THREE  GRADES  OF  CARBON  WITH  RESPECT  TO  GALVANIC 
EEFECT.  OR~TBTygUT  SH  I  NG  ~K  RELATION 
GALVANIC  CORROSION.  DESPITE  THESE  DIFFICULTIES,  THE  RESULTS  DEMONSTRATED 
THAT  SUBSTANTIAL  GALVANIC  CORROSION  CAN  DEVELOP  IN  THE  COUPLING  OF  CARBONS 
TO  METALS  (EXCEPT  HASTELLOY  C).  The  MAGNITUDE  OF  THE  EFFECT  IS  ATTRIBUTED 
TO  THE  LARGE  DIFFERENCE  IN  POTENTIAL  BETWEEN  CARBON  AND  METAL  AS  MEASURED 
BY  A  CALOMEL  HALF -CELL. 

5.1  Minimizing  Galvanic  Corrosion.  In  actual  mechanical  seals,  the 

AMOUNT  OF  CARBON  PRESENT  IS  SMALL  RELATIVE  TO  THE  SURROUNDING  METAL.  THIS 
PROVIDES  A  FAVORABLE  AREA  RATIO  BETWEEN  THE  CATHODE  (CARBON)  AND  THE  ANODE 
(METAL),  AS  IT  PROMOTES  A  SITUATION  THAT  MINIMIZES  GALVANIC  CORROSION. 

However,  the  benefit  of  a  favorable  cathode-anode  area  ratio  is  dependent 

on  POLARIZATION  OF  THE  CATHODE.  In  THE  USUAL  CASE,  A  SMALL  CATHODE  AREA 
RESULTS  IN  A  HIGH  CATHODE  CURRENT  DENSITY;  THIS  FAVORS  POLARIZATION  OF  THE 
CATHODE,  WITH  RESULTANT  REDUCTION  OF  THE  GALVANIC  CURRENT  AND  GALVANIC 
CORROSION  OF  THE  ANODE.  It  IS  NOT  KNOWN  WHETHER  CARBON  IS  READILY  POLARIZED. 

Without  carbon  polarization,  it  is  possible  T6  HAVr"515'NiFiLANi  lurkusiun - 

OF  A  METAL  IN  CONTACT  WITH  THE  CARBON,  EVEN  THOUGH  THE  AMOUNT  OF  CARBON  IS 
SMALL. 

5*2  Immune  Specimen.  The  performance  of  Hastelloy  C  in  the  tests  pro¬ 
vided  ANOTHER  EXAMPLE  OF  THE  OUTSTANDING  CORROSION  CHARACTER  I  ST  I CS  GENERALLY 
ATTRIBUTED  TO  THIS  MATERIAL  IN  SEAWATER..  IN  THE  PREVIOUS  PHASE  OF  THE 
INVESTIGATION,  REFERENCE  (a),  IT  WAS  SHOWN  THAT  THIS  MATERIAL  WAS  ESSENTIALLY 
IMMUNE  TO  CREVICE  CORROSION.  ALSO,  IT  WAS  SHOWN  THAT,  ALTHOUGH  HASTELLOY  C 
IS  A  RELATIVELY  NOBLE  MATERIAL  AND  CAN  CAUSE  SEVERE  GALVANIC  CORROSION  WHEN 
COUPLED  TO  SOME  ALLOYS,  IT  CAUSES  LiTTLE  OR  NO  GALVANIC  CORROSION  WHEN 
COUPLED  TO  THE  NICKEL-COPPER  ALLOYS  OR  NICKEL-ALUMINUM  BRONZE.  FROM  THESE 
RESULTS,  IT  SEEMS  APPARENT  THAT  COMBINATIONS  OF  MATERIALS  CAN  BE  SELECTED 
FOR  MECHANICAL  SEALS  WITHOUT  INTRODUCING  SERIOUS  GALVANIC  CORROSION  PROBLEMS. 

One  gap  in  the  information,  however,  concerns  the  corrosion  behavior  of 

HARO-SURFAC I NG  MATERIALS.  CORROSION  TESTS  OF  SEVERAL  TYPES  OF  THESE 
MATERIALS  HAVE  BEEN  COMPLETED  AND  WILL  BE  REPORTED  AS  THE  THIRD  PHASE  OF 
THE  INVESTIGATION. 
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6.0  CONCLUSIONS 

On  the  basis  of  results  presented,  it  is  concluded  that  the 

THREE  GRADES  OF  CARBON  ACT  AS  STRONG  CATHODES  AND  CAN  CAUSE  SEVERE  GAL* 
VAN  1C  CORROSION  WHEN  COUPLED  TO  EQUAL  AREAS  OF  G  BRONZE,  NICKEL- 
ALUMINUM  BRONZE,  CUPALLOY,  H  MONEL  AND  S  MONEL.  NO  GALVANIC  CORROSION 
IS  EVIDENT  WHEN  HASTELLOY  C  IS  COUPLED  TO  CARBON. 


8 


